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INTRODUCTION 
Colibacillosis (�B) in livestock is an economically importart 
disease caused by the bacterium.Escherichia coli. It is estimated 
that nearly one third of all baby pigs born in South Dakota die prior 
to weaning, and one fourth of these deaths is believed to be caused 
by CB (62). Similarly, it has been stated that 6 to 20% of calves 
born alive die from this disease (3). 
The term colibacillosis encompass�s a group of diseases caused by 
E. coli in neonatal and weaned animals and humans (3). The several 
differe�t types of CB are due to the differences in tissue localization 
of  the organism and the biological activity of  th� toxin. On this 
basis, the diseases caused by�- coli can be divided into four major 
groups: enterotoxic, enterotoxemic, local invasive and septicemic 
CB (42). 
Characteristics of enterotoxic CB include proliferation of 
E. coli in the lumen of the small intestine and production of entero­
toxin. This causes the small intestine to secrete fluid and results 
in diarrhea. The organism does not invade the tissue (44, 6 1). 
In enterotoxemic CB, �- coli is localized in the small intestine 
and produces a toxin which is absorbed and acts elsewhere. An example 
of this is edema disease of swine (18). 
Invasion and destruction of intestinal epithelium by E. coli are 
characteristics of locally invasive CB. The organisms that produce 
this syndrome are not enterotoxigenic, and the mechanisms of 
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invasion are unknown. The host responds with inflammation and ulcera­
tion of the intestine, dysentery·, and fever (_42). . 
In septicemic CR, bacteremia is present with_ extraintestinal local­
ization of the organism. There is endotoxin mediated damage to the 
host, and diarrhea may or may not be present (42). 
Enteropathogenic E. ·coli produce two types of enterotoxin. One is 
a heat labile toxin (LT), and the other is heat stable (ST). The LT 
has a high molecular weight, is nondialyzable; antigenic, and its 
action on the host is delayed and prol"onged (11, 27, 35). It is simi­
lar to the enterotoxin produced by Vibrio cholerae (25). 
The effects of ST are rapid in onset and of short duration. It 
has a low molecular weight, is stable when heated ·30 minutes at 100 C, 
and it is dialyzable and nonantigenic (28, 35, 53). 
The research reported herein is concerned with enterotoxigenic 
E. coli (EEC) infections ·and the ST produced by the organism. Purifica­
tion and concentration of the ST were the main objectives. If the 
enterotoxins produced by EEC could be purified and characterized, the 
pathogenesis of the _enterotoxic CB could be more fully understood. 
Toxin purification might also result in faster and easier tests for the 
· diagnosis of the disease. 
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LITERATURE REVIEW 
Theobald Smith and co-workers, in the 1920's did extensive work 
on the significance of.Escherichia coli in calf scours-. They tried 
unsuccessfully to distinguish the strains bioch.emically- (59}. The 
as-sociation of E. coli with neonatal diseases of animals other than 
calves came later. Adam in 1927 biochemically characterized coliforms 
from the feces of patients with infantile gastroenteritis (3).· This 
stimulated Goldschmidt (21) in 1933 to apply serologic methods to 
identify the pathogenic coliforms and set up epidemiologic studies 
of E. coli infections. Kaufman in 1947 established the coli antigenic 
schema which were later expanded by Ewing and �rskov (3). 
Animals acquire intestinal�- coli through ingestion, and it is 
assumed that the pathogenic strains are acquired this way also (63). 
Newborn animals are more susceptible to colibacillosis (CB) than 
adults. Acid in the stomach destroys most of the bacteria that enter, 
but the pH of the stomach contents of newborns is relatively higher 
than that in adults . There is also a decreased intestinal motility 
soon after birth which allows colonization by bacteria without their 
being removed by normal peristalsis (3, 42)·. 
Though it has been known for some time that�- coli can cause 
scours (59), the exact pathogenesis of the disease has not yet been 
elucidated. Smith and Jones (55) in 1963 administered live E. coli 
cultures to baby pigs to study the enteropathogenicity of _ the disease. 
Kohler and Bohl (37) in 1966 also tried this as well as giving cell­
free filtrates of the organism to gnotobiotic pigs. Results of work 
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by -th.ese men and others (Smith and Halls, 1967; Kohler, 1968; Gyles 
and Barnum, 1968). have shown that the enteropath_ogenicity- of E. · coli 
is related to production of enterotoxins (27, 35, 53}.  
As stated by Smith and Halls (�2), in order to be classified as 
an enteropathogen, the E. · coli strain in question must possess two capa­
bilities: first, it must have the ability to colonize the small intes­
tine, and second, it must be able to cause abundant net movement of 
water and electrolytes into the lumen of the small intestine while 
the organism-remains in the intestine. 
Endotoxin, which is produced by organisms of the family Entero­
bacteriaceae, can elicit diarrhea when administered to piglets, but 
due to its time of appearance in culture, its reaction with ligated 
intestinal segments, and its stability, it is not considered the pri­
mary cause of CB (27, 35, 37, 52, 53, 64). 
Results of various experiments by Smith et al. have shown that 
the production of both heat stable (ST) and heat labile (LT) entero­
toxins is controlled by plasmids� These plasmids can be transferred 
from one E. coli strain to another, regardless of serotype (54, 56). 
In 1968, Gyles and Barnum (27) first found LT in lysates of 
E. coli strains isolated from pigs with diarrhea. They also detected 
LT along with ST in the supernatant fluid of aerated broth cultures. 
Dorner-was the first to purify LT (JI), but.it is still not fully 
characterized. It is generally agreed that LT has a molecular weight 
of approximately 100,000 daltons and is protein in nature (11). It is 
acid labile and almost completely inactivated by trypsin and pronase 
(11, 29, 35, 50). Evans (17).has purified LT by releasing the toxin 
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from E_· ·co_li cells with polymyxin B; however, the molecular weight of 
the toxin produced in this manner was found to be appro.ximately ·20, 000 
dal tons. Schenkein et �- (50) found LT to be composed of two subunits 
with molecular weights of 68,000-70, 000 and 14,000-15,000 respectively. 
The presence of LT stimulates production of increased levels of 
adenyl cyclase in the intestinal mucosa. This results in an accumula­
tion of intracellular 3,5-cyclic adenosine monophosph�te (cyclic-AMP), 
which in turn, leads to a flux of fluid and electrolytes through the 
cell membrane into the lumen of the small intestine (12, 31). Labile 
toxin has been found to be antigenically and biologically related to 
cholerae toxin (CT) produced by Vibrio cholerae l24, 26, 27, 47, 60). 
Smith and Halls (53) in 1967 were the first to report dis•covery 
of heat stable enterotoxin. They found it in the fluid expressed from 
soft agar cultures of porcine EEC. The toxin, subsequently found to 
be dialyzable (4), is also present in the supernatant fluid of aerated 
cultures (53) . Dialysis and ultrafiltration studies determined the 
molecular weight of the toxin to be in the range of 1000-10,000 
daltons, with a small amount of activity below 1000 daltons (4, 41). 
Jacks and Wu (28) reported that ST is resistant to treatment with 
acid, pronase, and trypsin. The toxin retains most of its activity 
after being heated an hour at 100 C, but loses activity after 
being heated an hour at 121 C (�8). Alderete and Robertson (J, 2) 
have purified ST by employing a chemically defined medium that repressed 
the formation of LT. They found the �olecular weight of ST to be a pro­
tein in the range of 4400-5100 daltons, and it absorbed strongly at 
270 run. Experimental work by_Smith (53), and Jacks and Wu (28), 
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suggest that ST is derived from LT, but it is now generally 
accepted that the toxins are two separate entities (J9, 451. Mechan­
isms of the action of ST are not known. 
It was originally thought that EEC produced both ST and LT, or ST 
only (51, 65); however, results of some recent studies have shown there 
may be strains which produce LT only (13). Whether these strains 
exist, or are only thought to exist because of the low sensitivity of 
the test for ST, is not known. 
Labile toxin is immunogenic (7, 65), and Dobrescu and Huygelen (7) 
found that antisera produced to the LT of one strain of E .  coli will 
neutralize the LT from other strains. Results o f  anti-toxin cross­
neutralization studies have shown that CT and LT are antigenically 
similar but not identical (25, 47). Immunization with CT protects 
equally against CT and LT (48). Results of some studies suggest immuno­
logic interrelationships exist among CT, the LT and ST enterotoxins 
produced by coliforms other than E...· coli, and the�- coli enterotoxins 
(34) . Originally the ST was considered to be nonantigenic (51), but 
experimental work by Dobrescu and Huygelen (7) _indicated that the action 
of ST can be partially or completely neutralized by LT antiserum. 
Alderete and Robertson (2) found that antiserum to purified ST neutra­
lized the action of enterotoxin in suckling mice; however, their 
results of passive hemagglutination and hem9lysis titer assays 
suggested that ST was a poor antigen . 
Numerous attempts have been made-to prevent CB by immunization. 
Pregnant sows fed live cultures of a pathogenic strain of�- ·coli de­
velop antibodies to that strain, and the antibodies are passed in 
6 
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the ·colostrum to piglets nursing the sow (�6). Rutter and Jones (30, 49) 
induced some protection to EEC by immunizing pigs, with a partially 
purified preparation of the K88 antigen. Dobrescu and Huygelen (8) 
demonstrated that sows immunized with LT provided passive protection 
against CB to their piglets. 
Various media have been used for enterotoxin production . Soft agar 
media was used by Smith and Hal ls (53), and Bywater ( 4-) for production 
of ST. Kohler (.35) used syncase medium, and peptone dialysate was used 
by Lariviere -et�- (38) for production of both ST and LT. Tryptic 
soy broth (TSB) has also been widely used ( 11, 13). Recently 
Alderete and Robertson (_I) have devised a chemically defined medium 
for the production of ST . The medium represses the formation of LT. 
Enterotoxin production can be demonstrated by several means. 
Kohler (35) administered cell-free filtrates to young pigs to detect 
enterotoxicity, but neonatal animals rapidly become resistant to 
disease produced by this method, and consistent results are obtainable 
only by using animals shortly after they are born (45). Smith and co­
workers (52, 53, 54), and Gyles and colleagues (27) used the ligated 
pig intestine test. Other animals have been used for this test also. 
Results of comparative studies by Lariviere et al. (38) show that 
rabbit gut is more suitable for detection of LT, and pig intestine 
is more suitable for ST detection. 
Donta et�- (�) developed a method of detecting LT using Yl 
mouse adrenal cells in tissue culture. When a cell-free extract of 
an EEC culture containing LT is added to a rnonolayer of the tissue 
cells, it causes the cells to increase their production of steroids 
whi�h results in morphologic cha_nges in the cells 00., 22). Chinese 
hamster ovary cells (231, HeLa cells (�21 and cat heart cells (Jl). are 
affected the same way. The morphologic changes also occur when entero­
toxin from V. cholerae is applied to similar cell cultures; which 
suggests that a similarity exists in the actions of the two toxins 
(9, 24, 27, 47, 60). 
Dean et al . (6) inoculated culture supernatant in.to the stomachs 
of suckling mice to determine the enteropathogenicity of�- coli iso­
lated from c�ses of human gastroenteritis . The test was later applied 
to EEC isolated from calves and piglets and now is used as a means 
of detecting the presence of ST (14, 19) . 
Because colonization of the small intestine plays an essential role 
in pathogenicity, the surface properties of E. coli probably are 
important in the organism's ability to cause CB. The capsular (K) 
antigens are of particular interest, because it is thought that certain 
of these antigens enable the bacteria to attach to the gut wall (49). 
These antigens consist of numerous fine filaments that cover the 
surface of the cell (43) . The K88 and K99 antigens are the two that 
are usually implicated. They differ from other K antigens in that they 
are protein; while most other K antigens are polysaccharide (43, 61). 
Organisms with the K88 antigen are usually associated with CB in 
piglets (57), and organisms with the K99 antigen with CB in calves (58). 
The colonization-fa�tor antigen (CFA) is found on EEC from cases of 
human diarrhea and is morphologically and functionally similar to K88 
and K99 antigens (16). E. coli strains with any of these antigens 
8 
hav.e been found to cause mannose-resistant hemagglutination (}IA) 
of human group A erythrocytes (15) . .§_. coli strains lacking these K. 
antigens do not agglutinate the erythrocytes in the presence of 1% 
mannose. This property could be used as a means of screening for 
enteropathogenicity. The antigens are lasmid mediated, but plasmids 
that control the K antigen differ from those that control enterotoxin 
production (� 7, 58). 
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Moon et al. has isolated E. coli strains that produce CB  but have 
neither K88 �or K99 antigen (43, 46). He found these strains possessed a 
pilus antigen, designated 987, that is structurally similar to the K88 
antigen (43). Therefore, adhesion may be associated with factors other 
than, or in addition to, the K antigens. 
MATERIALS AND METHODS 
Bacterial strains 
A s.train of Escherichia coli (76-43261, isolated at the South 
Dakota Animal Disease Research and Diagnostic Laboratory from a con­
firmed case of porcine colibacillosis was used through this study� 
The strain was biochemically tested and serotyped (O· :NH) according 
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to the methods of Glantz (20). A nonpathogenic strain (CDC 1466-56) from 
the Communicable Disease Center, Atlanta, Georgia was also used. 
Enterotoxin production 
Erlenmeyer flasks containing SO ml of medium were inoculated with 
5 ml of a culture of E..· coli were gTown overnight. The flasks were in­
cubated about 18 h at 37 C on a rotary shaker at 250 rpm. The broth cul­
tures were centrifuged 30 min at 9500 x g, and the supernatant fluid was 
filtered through a seitz filter. The filtrate was checked for the 
presence of bacteria by streaking it on blood agar plates and incubating 
them at 37 C overnight. 
Tryptic soy broth (TSB) without dextrose was initially used for 
enterotoxin production. A chemically defined medium (CD11), described 
by Alderete and Robertson (1) that has been shown to repress the 
formation of LT, was used to replace TSB in the last part of these 
studies. 
Assay for enterotoxic activity 
The suckling mouse test as described by Gianella (J.9} was used to 
assay for the stable toxin. For each sample to be assayed, each of 3 
Swiss-Webster mice 3 to 6 days old was inoculated intragastrically with 
0. 1 ml of culture filtrate containing crystal violet as a marker to 
insure the test material had been injected into the stomach. The mice 
were left 3 h at room temperature and then killed. The intestine was 
separated from the body, and it and the body were weighed separately. 
A gut to body weight (y:B) ratio was calculated, and a ratio of 0. 09 or 
greater was considered an indication of the presence of ST. The 
test was considered valid if no crystal violet could be detected in 
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the peritoneal cavity . Mice which had evidence of crystal violet in the 
peritoneal cavity were discarded. This method was used to determine 
toxin levels in each step of the purification. Sterile medium and medium 
extracts from a nonenteropathogenic strain grown under the same condi­
tions as the EEC, were each inoculated into mice a·s controls. 
Ultrafiltration 
At room temperature, the crude enterotoxin filtrate was subjected 
to sequential ultrafiltration (UF) under 35 lb/in2 of  nitrogen. An 
Arnicon filter (Amicon Corp. , Lexington, MA) equipped in sequence with 
the following filters was used: XM-lOOA, PM-30, and UM-10. These 
filters removed from the filtrate substances with molecular weights 
greater than 100, 000, 30,000 and 10, 000 respectively. The retcntate 
was discarded, and to concentrate it from 900 ml to approximately 60 ml, 
the filtrate was subjected to UF with a UM-2 membrane that retained sub­
stances with molecular weights greater than 1000. To assure that it 
was bacteria-free, the retentate was filtered through a . 65 mu millipore 
filter . It was then lyophilized in a vacuum tray lyophilizer (Virtis 
Co. , Inc. , Gardiner, NY), and this material was examined for enterotoxic 
activity and protein content. 
Gel filtration 
Two hundred mg of the dialyzed crude enterotoxin dissolved in S ml 
of the equilibrating buffer was placed on a column (90 x 2.5 cml of 
Sephadex G-25 ( Pharmacia Fine Chemicals, Piscataway, NJ) that had been 
equilibrated in 0.02 M NaCl with 0 . 02% NaN3. The toxic material was 
eluted from the gel with the equilibrating buffer at a flow rate of 
approximately 24 ml/hh at room temperature. The eluate was collected 
in 4. 8 ml fractions- and scanned for protein content at 260 nm and 
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280 nm using a Gilford rec_ording spectrophotometer Wilford Instrument 
Laboratories, Inc., Oberlin, OH). The fractions were tested in mice 
for toxic activity, and the toxic fractions were pooled and lyophilized . 
Dialysis 
Using benzoylated dialysis tubing ( Sigma Chem. Co., St . Louis, MO) 
that retained all substances with a molecular weight of 1200 and greater, 
17 g of crude enterotoxin dissolved in 50 ml of distilled water was dia­
lyzed 48 h against 4 1 of distilled water at 4 C .  The water was changed 
at 24 h .  The lyophilized toxic fractions acquired by gel filtration were 
dissolved in 10 ml distilled water and dialyzed in a similar manner. 
The material retained in the dialysis tubing was lyophilized and saved. 
Protein analysis 
Protein was estimated by the method of Lowry et al. (40) with 
bovine serum albumin as the standard . Normal human serum was used as 
a control. The percent protein was estimated on a dry weight basis. 
A weighed amount of toxic material was dissolved in distilled water 
and assayed for protein. The total protein in the sample divided by the 
weight of toxic material gave the percent protein of  the lyophilized 
material . Samples were assayed in duplicate at least 2 different times 
to insure reproducibility. All lyopholized samples were stored at room 
temperature in a dessicator. 
Ion exchange 
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To determine at which pH and ionic strength the toxin would adsorb 
onto DEAE Sephadex A-50 and SP Sephadex C-50 (Pharmacia Fine Chemicals, 
Piscataway, NJ), 50 mg of DEAE Sephadex A-50 was put into each of 12-40 
ml conical test tubes. Thirty ml of 0.01 M tris buffer was added to half 
the tubes and 30 ml of 0. 1 M tris buffer was added to the other 6 tubes. 
Using 1.0 N HCl, 2 tubes of each of the different concentrations of 
buffers were adjusted to the following pH: 9 . 0, 7.5, 7 . 2, 7. 0, and 6.5. 
Fifty mg of SP Sephadex C-50 was added to each of  2-40 ml conical 
test tubes. Thirty ml of 0.01 M sodium acetate buffer pH 5.0 was added 
to 1 tube and 30 ml of the same buffer, pH 4 . 0, was added to the other. 
Each system was equilibrated with 2 more changes of buffer. The 
exchanger was allowed to se�tle and supernatant fluid was removed until 
a total of  5 ml of gel and fluid remained in the test tube. Twenty mg 
of toxic material that had been subjected to ultrafiltration and lyophil­
ized was added to each tube, and the tubes were allowed to stand 30 min. 
The tubes were centrifugen S min at 2200 x g, and 0. 1 ml of the result­
ing supernatant fluid was injected intragastrically into mice. 
Acetone fractionation 
The enterotoxic material remaining after dialysis of the gel filtra­




enterotoxic material was dissolved in 10 ml of distilled water, and SO ml 
of acetone was added. The mixture was allowed to sit overnight at -20 C. 
The suspension was then centrifuged at 2000 x g for 10 min, and the 
supernatant was decanted off and evaporated on a Buchi Rotavapor flash 
evaporator (Arthur H. Thomas Co. , Philadelphia, PA) at 60 C until all 
traces of acetone were removed. The liquid phase remaining after evap­
oration was lyophilized, and this along with the precipitate was stored 
at room temperature in a dessicator. 
Ammonium sulfate precipitation 
Seventy-six g of (NH4)2so4 was added directly to 100 ml of culture 
supernatant and incubated overnight at 4 C. The suspension was filtered 
through a Buchner filter. The precipitate was dissolved in 25 ml of dis­
tilled water and dialyzed 48 h at 4 C against distilled water with a 
dialyzing tubing that retained substances of  1200 or greater molecular 
weight. This dialyzed material was lyophilized and tested for toxic 
acti�ity in suckling mice. 
Rabbit inoculation 
Rabbits were inoculated subcutaneously with toxic material that had 
components of 10,000 MW or greater removed by ultrafiltration. Twenty­
five mg of toxic material per rabbit was injected into 5 or 6 areas along 
the spinal column. Each of 3 rabbits was inoculated with 25 mg of toxin 
in complete Freund's adjuvant (CFA) (Grand Island Biological Co., Grand 
Island NY), and each of 3 other rabbits was injected at similar sites 
with 25 mg of toxic material dissolved in distilled water. Blood 
samples were collected from the rabbits before they were inoculated and 
again 2 weeks later. At the latter time, an intramuscular injection of 
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25 mg toxic material dissolved in distilled water was administered to 
each of the 6 rabbits. Blood samples were taken 2 weeks later. Start­
ing at this time, one of the rabbits that had been injected with toxin 
in CFA was given the first of a series of 4 intravenous (IV) injections. 
Each dose contained 1 mg of low molecular weight, dialyzed toxic 
material dissolved in 0 . 5  ml distilled water. The IV injections were 
repeated at 48 h intervals. The rabbit was exsanguinated 10 days after 
the last injection. Serum from all rabbits was stored at -70 C. 
Neutralization tests 
By inoculating suckling m ice intragastrically, it was established 
that o;s mg/0 . 1  ml of the toxic material used for rabbit inoculation 
was the minimum that would cause a positive response. This same concen­
tration was used when performing the neutralization tests . -
A series of tubes was prepared each containing 0. 5 ml distilled 
water in which S mg of the toxic material was d issolved . To each tube 
was added 0.5 ml of serum from one of the rabbits that had been inocula­
ted with one of the various toxic fractions. The contents of the tubes 
were mixed and allowed to incubate an hour at 37 C. The solutions were 
then assayed for toxic activity in suckling mice. 
Radial imrmnodiffusion 
The immunodiffusion test was employed at 4 different pHs to attempt 
to detect the presence of antibody to ST. A solution of 1% agar (Difeo 
Laboratories, Detroit, MI) was prepared in tris buffer at pH 7 . 2. The 
agar was melted and allowed to cool to 45 C. One ml of serum from the 
rabbit that had been given the IV injection was put into each of 4 test 
tubes containing 11 . 0  ml of the melted agar solution. Using 1. 0 HCl, 
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each solution was adjusted to a pH of 7. 2, 6. 3, 5.0, or 4. Q. Each solu­
tion was poured into a 5 x 10 cm plate. Seventeen 3 mm wells were cut 
into the solidified agar in each plate. Duplicate samples of 7 ul toxic 
solutions from the various steps of purification at concentrations of 
minimum toxic dosage were put into the wells . The plates were incubated 
48 h at room temperature in a humidity chamber and then examined for 
zones of precipitation around the wells . 
Polyacrylamide gel electrophoresis (PAGE) 
Using a previously described method (5), polyacrylamide gel elec­
trophoresis was performed on toxic material acquired by the dialysis of 
the gel filtration fractions. This sample was dissolved in distilled 
water at a concentration of 1 mg/ml. The solution was divided into 4 
equal aliquots, one of which was further diluted to a final dilution of 
1:5, another to 1:25, and a third to 1 : 125 . Two-tenths ml of each 
dilution was loaded onto -each of 2 columns and allowed to electro­
phorese at 3 mA per column until the tracer dye, bromphenol blue, 
was approximately three fourths down the column (approximately 2 h) . 
One of the gels from each of the dual samples was fixed 20 min in 20% sul­
fasalicylic acid, then rinsed and stored in distilled water . These gels 
were scanned at various UV wavelengths using a Gilford recording spec­
trophotometer (Gilford Instrument Laboratories, Inc., Oberlin, OH) to 
find a peak absorbance. Some of the gels �ere also subjected to stain­
ing with Coomassie blue and Ponceau S .  The gels that were not fixed were 
cut into 7 random segments of approximately 0. 5 cm each beginning where 
the tracer dye ended. The remaining gel segment below the tracer dye , 
17 
was also saved . Each of the segments was eluted with. 1. 0 m l  of distilled 
water, and the eluted material was injected intragastrically into suck- · 




Tryptic soy broth was initially used in this study, but results of 
suckling mouse inoculation tests showed that a culture of EEC in the 
chemically defined medium (COM) (1) resulted in production of a more con­
centrated ST . A summary of the toxin production by EEC in these two 
media is presented in table 1. The components of C DM are listed in 
table 2. 
Enterotoxigenic activity of ultrafiltrate 
Tryptic soy broth and CDM in which EEC had been cultured and from 
which substances greater than 10,000 MW had been removed were assayed in 
suckling mice to determine the minimum toxic dose. The minimum toxic 
dose of C DM was 0.5 mg, and 2. 5 mg was the minimum toxic dose of TSB. 
There was 1. 6% protein in the lyophilized CDM and 19% protein in the lyo­
philized TSB . After the toxic material in C DM was further subjected 
to UF with a UM-2 membrane, the positive dose in suckling mice was 
0 . 15 mg and the percentage protein was 2. 0%. 
Gel filtration 
The lyophilized fractions of the dialyzed crude enterotoxin eluted 
from the Sepha<lex G-25 column were assayed in suckling mice and analyzed 
for protein content. The toxic material was eluted in fractions 57-75, 
an area between 2 absorbance peaks (figure 1). When these fractions 
were lyophilized, resuspended in distilled water, and assayed in suck­
ling mice, it was found that 100 ug was the minimum toxic dose. The 
protein content was O. 8°0 on a dry weight basis . 
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Ion exchange 
When toxic material with mo lecular weights above 10, 000 removed 
by UF was incubated in cation or anion exchanger at conditions stated 
before, no adsorption of the toxic material was detected. This was 
determined by the presence of a toxic response when the supernatant from 
exchangers of  each pH treatment was injected into suck ling mice. 
Dialysis 
Lyophilized crude enterotoxin that had been dialyzed to remove 
components with mo lecular weights less than 1200 contained 2. 6% protein, 
and when injected intragastrically into suckling mice, 75 ug was the 
minimum toxic dose. 
The dialyzed pooled fractions obtained from gel filtration con­
tained 3. 0% protein on a dry weight basis, and 25 ug was the minimum 
toxic dose. 
Acetone fractionation 
The protein concentration of the lyophilized supernatant from ace­
tone fractionation of toxic material from dialysis of ge l fi ltration 
fractions was 4. 0%, and 8 ug was toxic in mice. The acetone extract 
contained the toxic material, but the precipitate did not. 
Ammonium sulfate precipitation 
The dialyzed (NH4)2so4 precipitate was not toxic to mice. 
Neutralization tests 
When serum from rabbits that had been inoculated with ST prepara­
tions was incubated with toxic material, no decrease in toxic activity 
was noted. 
Radial immunodiffusion 
Precipitin rings were not seen in the radial immunodiffusion test. 
· polyacrylamide gel electrophoresis 
When scanning the unstained, fixed gels with UV light, 3 peaks 
were detectable (figure 3} with the maximum absorbance of the third 
peak at 290 nm. The substance eluted from the area of the third peak 
·was toxic in ·suckling mice. Extracts of the segment of gel below the 
tracer dye produced a G: B ration of 0 .085 when injected into suckling 
mice. Positive controls gave a G: B ratio of 0. 105, and negative con­
trols had a G : B ratio of 0.065. When the fixed gels were subjected to 
Ponceau- S or Coomassie blue, no bands were visualized. 
A summary of the purification �teps along with toxic doses and 
protein contents is presented in table 3. 
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Figure 1 .  Suckling mice killed 3 h after inoculation with sterile 
CDM (left mouse , negative control) or ST (right mouse, 
positive control) . Note the excess fluid accumulation 
in the intestine of the positive mouse due to ST act�vity . 
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Figure 2. Gel filtration of the dialyzed crude fraction of strain 
76-4326 grown in COM on a Sephadex G-25 column (2. 5 x 90 
cm). The toxic fraction was e lut ed with 0. 02 M NaC l in 
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Figure 3. Scanning at 260 , 280 , and 290 nm of· the PAGE gels of the 
toxic material from the dialysis of the toxic fraction from 
gel filtration . The toxic activity was found . in the third 
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Table 1 .  Minimum effective suckling mouse inoculation dose of ST 
grown in TSB and CDM 
. . . . . . . . . . .  
Fraction TSB CDM 
. . . . . . 
Crude supernatant 1 . 25a 0 . 75 
Ultrafiltration 2 . 5 0 0 . 50 
(_XM-l00A, PM- 30 ,  UM- 10) 
Gel filtration 1 . 25 0 . 1 0  
a .  Minimum toxic dose (mg) in suckling mice 















(x 10-3 d) 
4 0 . 0  
50 . 0  
1 8 . 0  
0 . 203 
0 . 025  
0 . 030 
1 0 . 0  
1 2 . 37 
6 . 5 7 
4 . 4 0  




dia lyzed crude 
ge l fi l tration 
di a lyzed ge l fi ltrate 
acetone fract ionation 
a . Effective Dose : 
Tab l e  3 .  Partia l Purifi cation Summary for ST 









% Protein Ena (µg) 
(dry 
weight) 
0. 9 6 .75 
2 . 6 1.95  
0 . 8  0. 80 
3.0  0.75 
4.0 0. 32 
' • I o • • • • • o • • o • . . .  
Weight of  
Protein (mg )  
. . . 
15 3.0  
6 . 5  
2. 4 





2 2. 7x10 3 100. 0 
3. 3xI03 14. S 
3.0x10 3 1 3 . 2  
2 . Sx10 3 1 1. 0  
1 .  25x103 5. 5 
The amount of protein necessary for a positive response in suckl ing mice . 
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DI SCU S SION 
This study describes the partial purification and concentration 
of ST produced by a porcine strain of EEC. It is a well established 
fact that many strains of � - coli produce stable and/or labile entero­
toxins (27, 53) . The strain used in this study produced only ST as 
determined by the suckling mouse test, and the Yl mouse adrenal tumor 
cell test detected no LT (9) . 
Since fairly high levels of enterotoxins had been produced using 
T SB, this medium was first used in this study to produce the crude ST 
29 
(11, 1 �). Alderete and Robertson ( 1) formulated a CDM which yielded a 
high level of�- coli ST and repressed the format�on of LT. This medium 
was found to be more useful than T SB for studies of ST; therefore, it was 
used in the later part of this study. 
The partial purification of ST was based on dialysis, gel filtra­
tion, and solubility in organic solvents . The initial method used to 
concentrate the crude enterotoxin was by UF. Removing the high molecular 
weight molecules decreased, rather than increased, the yield of ST in 
EEC cultures grown in T SB. UF with EEC grown in CD 1 increased the con­
centration of ST, but this method was discarded because of the length 
of time required to filter large volumes of the supernatant. Possibly 
better washing of the membranes may have increased the concentration of 
the toxin. Results of the UF studies indicated that the molecular weight 
of ST was in the range of 1000- 10, 000 daltons, which agrees with a pre­
vious report by Jacks (28) . 
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When dialysis was used to replace UF as the method of concentrating 
ST , the percent of ST recovered decreased considerably (14 . 5%1 compared 
to the loss of toxin in subsequent steps. ST has been found to pass 
through ordinary dialysis tubi?g (4} ;  however, with the use of benzoylated 
dialysis tubing (Sigma) that retained smaller molecular weight substances, 
dialysis was feasible. The low rate of recovery of  ST could have been due 
to some of the toxic material binding to the tubing, or the toxin may have 
been altered. No toxic activity was noted when the material no� retained 
_ by the dialysis tubing was lyophilized and tested in suckling mice. Al­
derete and Robertson (2) dialyzed ST with Spectrapor 6 dialysis tubing 
(Spectrum Medical Industries, Los Angeles, CA) without any appreciable 
loss in percent recovery for this step. 
The solute from dialysis of crude enterotoxin was eluted from 
Sephadex G -25 and showed several proteins as indicated by spectrophoto­
metric analysis at 260 and 280 nm. The ST activity was detected in 
fractions 57-75, between 2 absorbance peaks. A longer column and a 
slower rate of elution may have given better resolution. It might 
have been helpful to do the gel filtration after the acetone fractiona­
tion, when more of the extraneous proteins had been removed. Gel filtra ­
tion o f  the dialyzed crude toxin did not appreciably increase the concen­
tration of ST. Alderete and Robertson l2] successfully used Bio-Gel P-10 
(prepared by copolymerization of acrylamide and , N ' -methylene-bis-acry-
lamide) in their purification studies, because they found a low recovery 
of ST activity with the use of Sephadex G-25 (formed by cross-linking 
dextran fractions , ·ith epichloroh);drin} and theorized that the toxin may 
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have been irreversabl:y bound to th_e backbone 0£  the Sephadex derivatives. 
�l - However,. Klipstein and E:nger Q31 used Sephadex G-25 in concentra­
ting ST from Enterobacter · cloacae and found the toxic activity enhance�. -
When acetone fractionation was used to further purify the toxin , EEC 
ST remained soluble in the acetone, and no toxic activity was found 
in the precipitate. This agrees with reports by Alderete and Robertson 
(2) ;  however , Smith and Halls (53) used acetone t o  precipitate ST from 
EEC culture supernatants. Klipstein and Engert (33) found toxic . activity 
in the acetone precipitate when purifying ST from E. cloacae. 
No toxin could be demonstrated in the precipitate obtained by the 
use of ammonium sulfate precipitation of EEC culture fluids. This is 
in agreement with Alderete and Robertson (_2) , but Klipstein and 
Engert (33) were able to precipitate ST produced by E .  cloacae with 
(NH4) 2so 4 . 
When poly.acrylamide gel electrophoresis (PAGE ) was used to  concen-
trate ST from the dialysis of the toxic gel filtration fractions, the 
toxic activity was found in- the third absorption peak when scanned at sev­
eral UV wavelengths. This peak was associated with the tracer dye indica­
ting that the ST molecule has a negative charge at pH 8.3. The G : B  ratio 
produced by eluates of the gel segments below the tracer dye was 0. 085 . 
The significance of this ratio i s  questionable by the standards of Gianella 
(19) . The presence of mild toxic activity in this area of the gel in­
dicates that under the conditions, a small amount of ST migrated beyond 
the tracer dye. It is important to note that ST did not stain with sev­
eral protein stains, and this necessitated scanning the gels at UV wave-
32 
le_ngths to find absorbance peaks. Wh_en the gels were scanned at several 
UV wavelengths, maximum absorbance of the third peak was at 290 nm. This 
is not in agreement with Alderete and Robertson (_21 wbo found maximum ab­
sorbance at 260 nm in the crude ST and strong absorbance at 270 nm with the 
purified toxin. They found little absorbance at 280 run. Elution and 
further testing of the toxic peaks from several PAGE gels would probably 
result in a more purified ST. 
No neutralization of ST activity nor any antibody response by radial 
immunodiffusion (RID) could be demonstrated in serum from rabbits injected 
with partially purified preparations of ST and ST with CPA.  ST activity is 
more stable at low pHs than at high pHs (2 , 35). Therefore, the RID tests 
were run at 4 pHs: 7. 2, 6 . 3 ,  5 . 0 ,  and 4. 0. Evidence of immunoprecipita­
tion was not detected with any of the pHs used. 
S ince ST activity can be partially neutralized by LT antiserum (7), 
it was suspected that a purified preparation of ST would be necessary to 
elicit an antibody response. Studies by Alderete and Robertson (2)  demon­
strated that serum from rabbits injected with ST or ST coupled with bovine 
serum albumin (BSA) produced a low antibody titer. Coupling of ST hapten 
with a molecule smaller than BSA may result in higher antibody titers and 
a more toxin specific antibody .  
The concentrations of ST produced by the E. coli strain used in this 
study were lower, even in the original supernatant, than those produced by 
the strains used by other researchers D, 19, 28} .  A strain of EEC which 
produced higher levels of ST may have made purification studies more pro­
ductive. This particular strain ,,as used because it produced the highest 
concentration of ST when compared to several other strains tested. 
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There are still some discrepancies -in the reports of properties 
of ST which cannot be explained such as the differences in maximum UV 
absorbance and th� acetone fractionation. These differences may suggest 
that there is more than one form of ST. The development of purification 
procedures may be useful to clarify some of these discrepancies . 
SillWARY 
A chemically defined medium which supported the growth of EEC wa s 
found to produce a greater amount of ST than similar cultures grown in 
TSB. 
Different methods were used to purify the ST produced by EEC. 
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These methods included UF , dialysis, gel filtration , lon exchange, and 
precipitation with organic solvents and ammonium sulfate. The combina­
tion of methods which resulted in the highest yield of purified ST was 
dialysis followed by gel filtration, repeated dialysis, and acetone 
fractionation. This was demonstrated by increased toxic activity per mg 
of end product and reduced amount of protein required to produce a toxic 
effect. 
When the lyophilized solute from the dialyzed crude material l as 
subjected to gel filtration and monitored by scanning at 260 and 280 nm , 
the toxic fractions appeared between 2 absorbance peaks. These fractions 
were eluted in samples 57-75 or when 275-360 ml of the buffer filtrate 
had been collected. Acetone . precipitation of the dialyzed toxic frac­
tions from gel filtration resulted in the toxin remaining in solution 
and not in the precipitate . 
When the dialyzed fraction from gel filtration was subjected to 
PAGE, 3 peaks were detected by scanning the gels at several UV wave­
lengths . ST activity was demonstrated in the third peak , hich was 
associated with the tracer dye . faximum absorbance of this peak was 
at 290 nm. No evidence of protein could be demonstrated in the Page 
gels by use of routine protein stains. 
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Rabbits injected with a partially purified preparation of ST did not 
produce neutralizing antibodies for ST, and no antibody response could 
be demonstrated by the RID test. 
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